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OVERFISHING
ment of season and area closures, catch
quotas, size limits and restricted licens-
ing. But serious consideration must be
given to the fact that the complexity of
the fisheries require detailed information
for prediction and control. Most natural
fisheries problems cannot be solved ex-
perimentally by manipulating the fishery
because of time and cost considerations
and resistance to interference with on-
going fishing operations. There is
therefore a need to study the fisheries by
means of models.
This paper attempts to put in perspec-
tive some of the complex Rroblems of the
Lake Victoria fisheries.
The modern theory of fishing provides
four principles of exploitation: (1) Any
rate of exploitation reduces the abun-
dance of a population. (2) Below a certain
level of exploitation fish populations are
resilient, responding to' removals with in-
creased survivals and increased growth
rates. (3) It is possible to raise the rate of
exploitation to ti level at which extinction
of a population can occur. (4) There is an
optimum rate of fishing producing max-
imum equilibrium yield.
The four rules present two conflicting
characteristics of exploited populations:
(a) equilibrium yield and (b) resilience.
The equilibrium yield objective is static
and focusses on stability. But any natural
population is in a transient state and re-
mains in a transient state under exploita-
tion. On the other hand the resilience
viewpoint stresses the need for per-
sistence and the need to keep fisheries
management options open.
ABSTRACT
INTRODUCTION
Fishing has been selective as to
species on Lake Victoria. Some of the
highly relished fish ~pecies such as Labeo
victorianus (the Ningul and Tilapia
esculenta (the Ngegel have been reduced
to very low population levels. Most of the
fishing effort has been concentrated in
the shallow water where the canoe
fishermen could safely operate. The most
abundant Haplochromis spp. in the deep
wat.ers· remain much underexploited.
Presently, the multiple species fisheries
are undergoing very rapid development.
The fisheries manager faces a dilemma of
trying to satisfy a number of objectives
that are mutually incompatible.
Development of the Lake Victoria
fisheries is needed because of the increas-
ed demand for fish. There is a need for ef-
ficient regulation and protection of the
long run fish yields through establish-
Fisheries science is concerned with
ultimate yield prediction and control. The
subject deals with the study of natural
history of stocks and the dynamics of fish
populations.
The multiple species fisheries of Lake
Victoria are undergoing rapid develop-
ment. Already, some of the highly valued
fish species have been reduced to very low
population levels. The most abundant but
less relished Haplochromis spp. remain
underutilized. The real problem in
management is to win acceptance for
regulations that foster increasing p!"oduc-
tivity in the industry, withol't slavish
adherence to status quo.
Management from
Victoria fisheries
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T a b l e 1 . A n n u a l c . p . n . r e c o r d s o f L . v i c t o r i a n u s f o r
K a g e r a r i v e r l f r o m G A D W A L L A D R 1 9 6 5 ) .
Y e a r 1 9 3 6 1 § 3 7 1 9 3 9 1 9 4 4 1 9 4 5 1 9 4 6 1 9 4 8
c . p . n . 1 l . 5
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1 9 6 2 1 9 6 3
c . p . n . 2 . 3 0 . 6 1 . 7
1 . 1
0 . 3
0 . 4 0 . 5
D u r i n g t h e p e r i o d 1 9 3 5 - 1 9 5 1 . t h e
L a b e o f i s h e r y w a s s t a b l e w i t h t h e c a t c h
p e r n e t f l u c t u a t i n g a r o u n d a m e a n o f 1 0 .
T h u s . f o r a b o u t 1 5 y e a r s t h e r a t e o f e x -
p l o i t a t i o n w a s a t a l e v e l p e r m i t t i n g t h e
p o p u l a t i o n t o s h o w r e s i l i e n c e . T h e p e r i o d
1 9 5 1 - 1 9 6 3 w a s m a r k e d w i t h t h e i n -
t r o d u c t i o n o f e f f i c i e n t f l o a t i n g g i l l n e t s i n
t h e r i v e r s a n d i n c r e a s e d u s e o f b a r r i e r s
a n d t r a p s . B y 1 9 5 6 a n d 1 9 6 3 t h e c . p . n .
h a d d r o p p e d t o 1 . 8 a n d 0 . 5 r e s p e c t i v e l y .
T h e i n t e n s i v e f i s h i n g e f f o r t i n t h e 5 0 ' s
a n d 6 0 ' s w a s i n t e n d e d t o m a i n t a i n t h e
h i g h c a t c h e s p r i o r t o 1 9 5 1 . W i t h a n e x -
c e s s i v e f i s h i n g e f f o r t . t h e p o t e n t i a l s f o r
g r o w t h a n d r e p r o d u c t i o n w e r e l o w e r e d
a n d t h e p o p u l a t i c n ' s r e s i l i e n c e r e d u c e d .
A s u r v e y f o r L a b e o i n L a k e V i c t o r i a
a n d i t s a f f l u e n t r i v e r s r e v e a l s t h a t s m a l l
p o p u l a t i o n s o f t h i s s p e c i e s s t i l l o c c u r i n
t h e K a g e r a . S i m i y u . M a r a . M o r i . K u j a .
N z o i a a n d S i o r i v e r s . T h e s m o k e d N i n g u
i s s e a s o n a l l y s e e n a t t h e B u k o n a a n d
M w a n z a m a r k e t s .
S e v e r a l r e g u l a t o r y m e a s u r e s w h i c h
c o u l d b e t a k e n t o s p e e d u p t h e r e c o v e r y o f
L a b e o s t o c k s i n c l u d e : g e a r r e s t r i c t i o n .
a r e a s c l o s u r e s . c a t c h q u o t a s . c l o s e d
m e n t a r e d e p e n d a n t o n t h e n u m b e r o f
s p a w n e r s r u n n i n g t h i s g a u n t l e t o f g e a r s .
T h e p r i m a r y o b j e c t i v e o f m a n a g i n g t h i s
t y p e o f f i s h e r y i s t o a l l o w a n a d e q u a t e
e s c a p m e n t o f s p a w n e r s . I t i s t h e i n t e n t i o n
o f t h i s p a p e r t o s u b m i t t h a t t h e a p p r o a c h
t o t h i s p r o b l e m h a s b e e n i n a d e q u a t e .
G A R R O D ( 1 9 6 1 ) a n d C A D
W A L L A D R ( 1 9 6 5 ) g i v e t h e c a t c h p e r n e t
( c . p . n . ) o f L a b e o v i c t o r i a n u s f o r t h e
K a g e r a r i v e r l a n d i n g s i n U g a n d a . T h e s e
f i g u r e s a r e g i v e n i n t a b l e 1 .
T h e L a b e o v i c t o r i a n u s E x a m p l e
D u r i n g t h e p e r i o d 1 9 4 0 - 1 9 6 0 . L a b e o
v i c t o r i a n u s B O U L E N G E R 1 9 0 1 ( t h e
N i n g u ) o c c u r e d i n g r e a t n u m b e r s i n t h e
s h a l l o w i n s h o r e w a t e r s o f t h e L a k e V i c -
t o r i a a n d i t s a f f l u e n t r i v e r s . T h i s f i s h
s p e c i e s f o r m e d a f l o u r i s h i n g f i s h i n g i n -
d u s t r y a n d t h e s m o k e d p r o d u c t w a s
r e l i s h e d b y m a n y p e o p l e . T h e L a b e o
f i l i h e r y o f f e r s a g o o d e x a m p l e o f h o w e x -
p l o i t a t i o n i s g o v e r n e d b y m a n ' s d e s i r e s .
w i t h v e r y l i t t l e c o n n e c t i o n t o t h e f a t e o f
t h e h a r v e s t e d s p e c i e s p e r s e .
M a n y s e x u a l l y m a t u r e L a b e o r u n u p
t h e r i v e r s d u r i n g t h e " r a i n s " , M a n h a s u s -
e d t h i s i n f o r m a t i o n t o h i s o w n i m m e d i a t e
a d v a n t a g e . T h e L a b e o f i s h e r y c o u l d b e
c l a s s i f i e d a s a g a u n t l e t f i s h e r v .
I n s u c h a f i s h e r y t h e g e a r l i e s i n w a i t
t o i n t e r c e p t t h e m i g r a t i n g f i s h , T h e
m a t u r e m i g r a t i n g L a b e o a r e h i g h l y
v u l n e r a b l e t o t h e s m a l l m e s h s i z e g i l l n e t s
a n d b s . s k e t t r a p s s e t i n t h e r i v e r s . T h e
r e p r o d u c t i v e s u c c e s s a n d f u t u r e r e c r u i t -
T h e r e a r e a l s o t w o b a s i c r u l e s o f
f i s h e r i e s m a n a g e m e n t : ( i ) f o r a n u n d e r -
f i s h e d s t o c k a n i n c r e a s e i n f i s h i n g e f f o r t
w i l l r e s u l t i n g r e a t e r c a t c h a n d a d e c r e a s e
i n s i z e o f s t o c k a n d ( i i ) f o r a n o v e r f i s h e d
s t o c k . a d e c r e a s e i n f i s h i n g i n t e n s i t y i n -
c r e a s e s t h e c a t c h a n d t h e s i z e o f s t o c k ,
T h u s t h e f o r e g o i n g f u n d a m e n t a l p r i n -
c i p l e s d e f i n e o v e r f i s h i n g a n d u n d e r f i s h i n g
i n b i o l o g i c a l t e r m s . B u t i t i s a c o m m o n
o b s e r v a t i o n t h a t w h e n e x p l o i t a t i o n
p a s s e s t h e i n i t i a l p h a s e . i n c r e a s e i n
f i s h i n g i n t e n s i t y c a u s e s a s t e a d y d e c r e a s e
i n c a t c h p e r u n i t e f f o r t d e s p i t e l a c k o f
s i g n s o f b i o l o g i c a l o v e r f i s h i n g .
F i s h i n g h a s b e e n h i g h l y s e l e c t i v e a s t o
s p e c i e s o n L a k e V i c t o r i a . S o m e f i s h
s p e c i e s h a v e b e e n r e d u c e d t o l o w p o p u l a '
t i o n l e v e l s b e c a u s e o f i n c r e a s e d p r o d u c -
t i o n . I t i s e c o n o m i c f a c t o r s a n d t h e s o c i a l
p h i l o s o p h y o f t h e p e o p l e u s i n g t h e
r e s o u r c e w h i c h h a v e c o n t r i b u t e d t o t h i s
t y p e o f f i s h i n g .
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The Tilapia esculenta Example
Tilapia spp. inhabiting the shallow in-
shore waters and with a high market de-
mand, have been subjected to an ex-
cessive fishing effort. The annual catch of
Tilapia and the catch per net are now on
the decline but the profitability of the
Tilapia fishery remains economically
bearable.
Since the first decade of this century
the accumulated adult stocks of T.
esculenta have. been increasingly ex-
ploited by a developing fishing industry
using gillnets. In the 1920's the Tilapia
fishery expanded greatly especially in the
Nyanza Gulf. With more entrepreneurs
entering the industry the standing stocks
.of T.. esculenta in the Gulf dropped and
the catch per net in the 127 mm gillnet
was reduced to 5 fish. GRAHAM (1929)
recommended the formation of d unified
lake-wide authority responsible for
. regulation and collection of catch
statistics. A mesh size limit of 127 mm
was set in 1933 and the Lake Victoria
Fisheries Service established in 1947
IMANN, 1969). T. esculenta and other
fish species were marketed by numbers
instead of weight. Th~ ab.,~n~e of signifi-
cant price differential between small and
large fish encouraged the use of many
undersized gillnets so as to maximize the
catch in numbers. There was unfortunate'
ly no legislation against the sale of illegal
undersized gillnets nor was there ade-
quate manpower to police the fishing
grounds. The mesh size limit was repealed
in Uganda and Tanzania by the end of
1956 and the Lake Victoria Fisheries Ser-
vice disbanded in 1960. Demand has been
a key factor in moving the Tilapia
esculenta fishery to the present state. Ac-
cording to standard economic analysis de-
mand for T. esculenta has remained high
because of its taste. consumer preference.
the high price of substitute fish products
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and the price of complementary fish pro-
ducts. The Lake Victoria Fisheries Com'
mission must address itself to these fac-
tors when drawing a management plan
for the recovery of T. esculenta.
EFFICIENT REGULATION
Fisheries conservation is primarily a
biological problem but fishing is for
human purposes. Consideration must
therefore be given to the prevalent
economic factors and the social
philosophy of the people for- whom the
resource is managed. One objective of
fisheries management is maximum sus-
tainable yield. The concept has a long
history in fisheries and provides a simple
definition of the objective of fisheries
management. The economists have
criticized the concept on the ground that
slightly smaller yield obtained with less
fishing intensity gives bet~r economic
returns. Thus. the economic objective of a
fishery is maximum net economic yield.
Even this concept has its limitation for
the economic optimum is not necessarily
the human optimum. Various objectives
may precide over maximization of net
economic yield. On Lake Victoria, a
regulation intended to achieve maximum
net economic yield might only favour the
conservation of the abuhdant but less
relished Haplochromis spp.
Stocks of Tilapia, Haplochromis. Pro·
topterus, Clarias, Bagrus and other
species interact. The various fish species
show different growth characteristics. T.
esculenta grows to a maximum size of 34
cm and attains first maturity at about 23
em. The species is confined to the shallow
inshore waters at a depth of less than 20
metres and is abundant mostly in the
sheltered gulfs and bays with soft bot-
toms and rich in phytoplankton. T.
variabilis which exhibits similar growth
characteristics occurs on the exposed
shores. Ecologically T. variabilis and T.
esculenta appear to be complementary
~,
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s p e c i e s w i t h p r o b a b l y l i t t l e o r n o c o m p e t i -
t i o n b e t w e e n t h e m ( F R Y E R 1 9 6 1 1 . S i n c e
1 9 5 5 . T . l e u c o s t i c t a , T . n i l o t i c a , T . z i l l i i
a n d T . m e l a n o p l e u r a h a v e b e e n i n t r o d u c -
e d i n t o t h e l a k e . T . l e u c o s t i c t a p r e f e r s t h e
s h a l l o w i n s h o r e m u d b o t t o m e d a r e a s b u t
s o m e i n d i v i d u a l s h a v e b e e n c a u g h t o n e x -
p o s e d s h o r e s . T . n i l o t i c a i s w i d e s p r e a d i n
t h e s h a l l o w w a t e r s b u t m o s t a b u n d a n t o n
e x p o s e d s a n d y s h o r e s w h e r e a s T . z i l l i i
m o s t o c c u r i n t h e s h a l l o w m a r g i n a l
w a t e r s . T h e s e i n t r o d u c e d s p e c i e s g r o w t o
l a r g e s i z e s . T . l e u c o s t i c t a a n d T . z i l l i i a r e
m o s t l y c a u g h t i n t h e 7 6 . 2 - 9 5 . 2 m m
g i l l n e t s . B u t m a t u r e T . n i l o t i c a a n d T .
e s c u l e n t a a r e c a p t u r e d i n g i l l n e t s o f m e s h
s i z e g r e a t e r t h a n 1 0 1 . 6 m m .
H a p l o c h r o m i s s p p . m o s t l y c o m p o s e d o f
s m a l l i n d i v i d u a l s o c c u r a b u n d a n t l y a l l
o v e r t h e l a k e . T h e g e n u s i s i m p o r t a n t i n
t h e b i o n o m i c s o f t h e l a k e ; b e i n g f e d o n e x -
t e n s i v e l y b y B a g r u s a n d C l a r i a s .
I n t h i s s p e c i e s c o m p l e x w h e r e s o m e i n -
d i v i d u a l s c o m p e t e f o r f o o d , f e e d o n o n e
a n o t h e t a n d a r e h a r v e s t e d b y t h e s a m e
g e a r s , i t m i g h t b e i n e v i t a b l e t o o v e r f i s h
t h e l e s s a b u n d a n t b u t l a r g e s i z e d f i s h
s p e c i e s i n o r d e r t o o p t i m i z e y i e l d f r o m t h e
w h o l e r e s o u r c e . T h r e e n a t i o n s a r e e n g a g -
e d i n t h e e x p l o i t a t i o n o f L a k e V i c t o r i a
f i s h r e s o u r c e . O p t i m u m f i s h i n g c o n d i -
t i o n s f o r o n e n a t i o n m i g h t d i f f e r f r o m
t h o s e o f t h e o t h e r c o u n t r i e s b e c a u s e o f
d i f f e r e n c e s i n n a t i o n a l e c o n o m i e s . t h e
s o c i a l p h i l o s o p h y o f t h e p e o p l e a n d
s p e c i e s c o m p o s i t i o n s i n n a t i o n a l w a t e r .
T h i s i s a p p a r e n t i n s p i t e o f t h e r e l a t i v e l y
s i m i l a r e c o n o m i e s o f K e n y a , U g a n d a a n d
T a n z a n i a . T h e s e c o m p l e x i t i e s a r e c a u s e d
b y d i f f e r e n c e s i n f i s h i n g i n t e n s i t i e s , d i f -
f e r e n t g e a r s e l e c t i v i t y a n d d i f f e r e n t p r i , c e
v a l u e o f t h e e x p l o i t e d f i s h s p e c i e s i n t h e
t h r e e c o u n t r i e s . T h e N y a m a G u l f o f
K e n y a h a s a v e r y h i g h f i s h i n g i n t e n s i t y
w h i l e t h e E m i n P a s h a G u l f o f T a n z a n i a i s
s t i l l l i g h t l y f i s h e d . R e a c h s e i n e s a r e v e r y
m u c h u s e d i n t h e N y a n z a G u l f a n d o n
U k e r e w e i s l a n d i n T a n z a n i a b u t t h e i r u s e
i n U g a n d a i s r e l a t i v e l y n e g l i g i b l e . B a g r u s
o c c u r s a b u n d a n t l y i n t h e S s e s e i s l a n d s i n
U g a n d a a n d i n t h e f i s h i n g g r o u n d s o f
B u k o b a i n T a n z a n i a . S m o k e d B a g r u s i s
r e l i s h e d a l o n g t h e w e s t e r n c o a s t o f L a k e
V i c t o r i a b u t t h i s p r o d u c t f e t c h e s l i t t l e
m o n e y i n K e n y a . T . e s c u l e n t a h a s m o r e o r
l e s s b e e n d e p l e t e d i n t h e N y a n z a G u l f a n d
t h e B u v u m a i s l a n d f i s h i n g g r o u n d b u t i s
s t i l l a v a i l a b l e i n t h e S s e s e i s l a n d s a n d o c -
c u r s a b u n d a n t l y i n t h e E m i n P a s h a G u l f
o f T a n z a n i a . T h e s e a r e s o m e o f t h e fa~tors
t o b e c o n s i d e r e d w h e n d r a w i n g a m a n a g e -
m e n t p o l i c y f o r L a k e V i c t o r i a .
T h e o n l y s a t i s f a c t o r y s o l u t i o n t o t h e
p r o b l e m o f r e g u l a t i n g i n t e r n a t i o n a l
f i s h e r y l i e s i n e a c h n a t i o n c o n t r i b u t i n g t o
t h e r e g u l a t i o n a s a w h o l e a n d f u r t h e r t h a t
t h e r e b e e q u i v a l e n c e b a s e d o n e q u a l i t y o f
i n i t i a l s a c r i f i c e a n d a f i n a l b e n e f i t
r e s u l t i n g f r o m t h e r e g u l a t o r y m e a s u r e s
( B E V E R T O N A N D H O L T 1 9 5 7 . p . 4 1 5 l .
I t i s n o t l i k e l y t h a t s u c h s o l u t i o n w o u l d
b e a c c e p t a b l e o n L a k e V i c t o r i a . E q u a l i t y
o f f i n a l b e n e f i t w o u l d r e q u i r e n a t i o n a l
q u o t a s o t h e r w i s e i n e q u a l i t y w o u l d s o o n
a p p e a r u n l p . s s e c o n o m i c o p p o r t u n i t i e s a r e
t h e s a m e i n K e n y a , U g a n d a a n d T a n -
z a n i a .
I n t h e c i r c u m s t a n c e o f L a k e V i c t o r i a ,
i t i s u n r e a l i s t i c t o c o n s i d e r c a t c h q u o t a s ,
c l o s e d s e a s o n o r c l o s e d a r e a f o r a p a r -
t i c u l a r s p e c i e s a s a u s e f u l m e a s u r e o f
r e g u l a t i o n . C a t c h q u o t a s i s a n i n d i r e c t
m e t h o d o f c o n t r o l l i n g f i s h i n g e f f o r t . B u t
t h e c a t c h o b t a i n e d w i t h a p a r t i c u l a r e f f o r t
i s a l s o i n f l u e n c e d b y b i o l o g i c a l f a c t o r s
s u c h a s f l u c t u a t i o n s i n r e c r u i t m e n t a n d
f i s h d i s t r i b u t i o n . S o m e f i s h s p e c i e s
m i g r a t e f r o m t h e o p e n l a k e i n t o t h e g u l f s
a n d v i c e v e r s a .
I n a r e a s w h e r e B a g r u s , H a p l o c h r o m i s
s p p . , T i l a p i a s p p . a n d o t h e r s p e c i e s c o -
e x i s t r e g u l a t i o n b y c l o s e d a r e a r e s t r i c t s
e f f i c i e n c y , o f a f i s h e r y f o r f i s h s p e c i e s
w h i c h a r e n o t i n n e e d o f r e g u l a t i o n . I t i s
i m p o s s i b l e t o a v o i d i n c i d e n t a l c a t c h e s o f
a f i s h s p e c i e s i n n e e d o f r e g u l a t i o n . V e r y
o f t e n w h a t i s r e g a r d e d a s a n i n c i d e n t a l
c a t c h m i g h t b e s u b s t a n t i a l . I f s u c h a
c a t c h i s r e t a i n e d c o v e r t l y , i t l e a d s t o a
f a l s i f i c a t i o n
w e a k e n s o u r
t h e s t a t e o f l
A n a l t e n :
b l e m o f a s s e
o u t o f t h e C O l
a n n u a l p r o d !
B E V E R T O
c a l c u l a t e d a l
c o d a n d N o r t
f i s h i n g e f f o r t
y i e l d s r e q u i r
v a r i o u s s t o c k
m e t h o d a p p l i 4
o p t i m u m m e
Haplochromi~
T i l a p i a , P r o t o
C O R D O N E
( 1 9 7 2 1 r e p o r t I
i n g c a u g h t i J 1
m e s h s i z e o f (
a n d 7 6 m r r
H a p l o c h r o m i s
1 0 . 9 c m . 1 5 . 4
c o d e n d s o f 3~
m e s h r e s p e c t i 1
i n t h e 1 9 a n d ~
e d i n a r e a s w i
s m a l l H p r o c J
i m i z a t i o n o f t l
f r o m t h e l a k e
, ; u s e o f m e s h s i
l o n g r u n y i e l d
l a r g - e s i z e d n
a n d C l a r i a s . B l
t h e s h a H o w \ I
c a n o e f i s h e r m E
t o c a u s e a r e
y i e l d s i s u n a c i
m u s t b e p l a c e
T h e g u l f s w i t h
t i o n s a n d a r e a :
a n d a b o u n d i n ,
B a g r u s . B a r b
s h o u l d b e c l
T h e r e a r e
d y n a m i c s o f
o p t i m u m m e s
f a v o u r c o n s e
d a n t H a p l o c h
Ishing grounds of
Smoked Bagrus is
,tern coast of Lake
.duct fetches little
culenta has more or
l1e Nyanza Gulf and
~hing ground but is
sese islands and oc-
Ie Emin Pasha Gulf
! some of the fa~tors
Idrawing a manage-
Victoria.
;ory solution to the
ting international
,tion contributing to
lOle and further that
based on equality of
d a final benefit
'egulatory measures
HOLT 1957, p. 415).
such solution would
~e Victoria. Equality
lid require national
~uality would soon
nic opportunities are
, Uganda and Tan-
Ice of Lake Vidoria,
nsider catch quotas,
'Sed area for a par-
useful measure of
Iotas is an indirect
g fishing effort. But
th a particular effort
y biological factors
in recruitment and
Some fish species
n lake into the gulfs
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stantial. If such a
'ertly, it leads to a
falsification of catch statistics which
weakens our scientific basis for assessing
the state of a fishery.
An alternative which avoids the pro-
blem of asseesing individual fish species
out of the complex is to regulate..the total
annual production from Lake Victoria.
BEVERTON and HOLT (1957)
calculated a combined yield for haddock,
cod and North Sea plaice as a function of
fishing effort. Calcultation of combined
yields require expressing yields of the
various stocks in the same units. Is this
method applicable on Lake Victoria? The
optimum mesh size for the abundant
Haplochromis is smaller than that for
Tilapia, Pro top terus, Clarias and Bagrus.
CORDONE AND KUDHONGANIA
(1972) report greater quantities of fish be-
ing caught in trawls of 19 and 38 mm
mesh size of codends than in those of 64
and 76 mm. The average size of
Haplochromis increase with mesh, being
10.9 cm, 15.4 cm and 17.7 cm for the
codends of 38 mm, 64 mm and 76 mm
mesh respectively. The very high catches
in the 19 and 38 mm codends were obtain-
ed in areas with dense concentrations of
small Hprochromis. Obviously, max-
imization of the total annual production
from the lake as a whole, would involve
use of mesh sizes th~t greatly reduce the
long run yields of the less numerous but
lar~e sized Tilapia, Bagrus, Protopterus
and Clarias. But the large sized species in
the shallow waters are sought by the
canoe fishermen and any regulation likely
to cause a reduction in their long run
yields is unacceptable. Some restriction
must be placed on areas to be trawled.
The gulfs with more or less closed popula-
tions and areas less than 20 metres deep
and abounding in Tilapia, Protopterus,
Bagrus, Barbus, Clarias and other species
should be closed to the trawl fishery.
There are marked differences in the
dynamics of exploited species and single
optimum mesh size and fishing rate will
favour conservation of the more abun-
dant Haplochromis. Regulation of total
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annual production and determination of
combined yields is probably applicable in
the open waters over 20 metres deep.
Since fishing is for human purposes, it
is necessary to preserve a variety of
species in the catch to satisfy the various
requirements of the consumer. It is unfair
to treat a ton of Tilapia as equal to a ton
of Protopterus or a ton of Haplochrornis
when the price for these species vary from
place to place. Each of the various ex'
ploitable stocks should be harvested with
a combination of fishing effort and mesh
size that is optimum for it.
FISHERIES DEVELOPMENT
The Lake Victoria fishing industry is
undergoing rapid development. This
development is necessary to alleviate the
serious socio-economic consequences and
protein malnutrition. The. management
problems are complex but, important to
the people and therefore justify much ef-
fort and considerable expense to unders-
tand them. Though development of the
fishing industry is inevitable, employ-
ment opportunities could playa signifi-
cant role in holding back the rate of
change from traditional fishing methods
to mechanized fishing.
A number of constraints will affect
fisheries development. 'The amount of
capital available for development is an
important factor which influences the in-
put decisions. The available exploitable
fish stocks should guide money allocation
to this development·. Market prospects
should be subjected to a cost benefit
analysis in order to ascertain the increase
in production resulting from mechanized
fishing instead of traditional fishing
methods.
Maximization of total annual produc-
tion from Lake Victoria requires use of
trawls to tap the underutilized deep water
fish species. Since Haplochromis is more
abundant than any other species, the
fishing industry will have to use mesh
sizes that optimize the catch of
1 8 9 G E O R G E W . S S E N T O N G O
H a p l o c h r o m i s . F r o m m y o w n p a r t . t h e
u s e o f s u c h m e s h s i z e s w i l l f a v o u r c o n s e r -
v a t i o n o f H a p l o c h r o m i s w h i l e r e d u c i n g
t h e l o n g r u n y i e l d s o f T i l a p i a , B a g r u s .
C l a r i a s a n d o t h e r l a r g e s i z e d s p e c i e s .
P r e s e n t t r a w l c a p t u r e t e c h n i q u e s c a n -
n o t a v o i d t h e c a p t u r e o f i m m a t u r e l a r g e
' s i z e d s p e c i e s i n t h e c i r c u m s t a n c e s o f t h e
L a k e V i c t o r i a s p e c i e s c o m p l e x . A s e r i o u s
c o n c e r n i s t h e l a r g e a m o u n t o f s m a l l i m -
m a t u r e B a g r l l s w h i c h a p p e a r i n t h e t r a w l
c a t c h e s . T h e q u e s t i o n o f o v e r f i s h i n g t h e
l a r g e s i z e d s p e c i e s c o u l d b e a v o i d e d h y
t h e d e v e l o p m e n t o f " s o r t i n g t r a w l s " o n
L a k e V i c t o r i a . S u c h a n i n n o v a t i o n r e -
q u i r e s t h e c o m b i n e d e f f o r t s o f f i s h
b e h a v i o u r i s t s , g e a r s p e c i a l i s t s , f i s h e r i e s
b i o l o g i s t s a n d t h e f i s h e r m e n . T h e
b e h a v i o u r o f f i s h t o h e s e p a r a t e d i s v e r y
i m p o r t a n t i n t h e d e v e l o p m e n t o f s o r t i n g
t r a w l s . H I G H a n d L U S Z ( 1 9 6 6 1 r e p o r t
o b s e r v a t i o n o n t h e b e h a v i o u r o f P a c i f i c
h e r r i n g , a n d F l o u n d e r i n t r a w l s . T h e
P a c i f i c h e r r i n g . C l u p e a h a r e l l g u s p a l l a s i
o r i e n t e d a n d s w a m w i t h i n a t r a w l n e a r
t h e u p p e r - m o s t s i d e t o p o f t h e w e b p a n e l s .
E s c a p e o f h e r r i n g f r o m t h e t r a w l w a s
u s u a l l y a t t e m p t e d t h r o u g h t h e t o p o f t h e
t r a w l . F l o u n d e r o n t h e o t h e r h a n d i n -
v a r i a b l y s w i m s d o w n w a r d s s e e k i n g
e s c a p e u n d e r t h e t r a w l .
O n L a k t . ' \ ' i c t o r i a . t h e r e i s a n e e d t o
u n d e r s t a n d t h e u n d e r l y i n g r e a c t i o n o f t h e
v a r i o u s f i s h s p e c i e s t o t r a w l w e b b i n g . I t
m i g h t b e t h a t t h e c i c h l i d f i s h s u c h a~
T i l a p i a a n d H a p l o c h r o m i s s e e k e s c a p e
f r o m t h e t r a w l i n t h e u p p e r m o s t s i d e t o p
o f t h e ' w e b p a n e l w h i l e t h e c a t - f i s h e s a n d
P r o t o p t e r u s t e n d t o e s c a p e u n d e r t h e
t r a w l . T h i s i n f o r m a t i o n c o u l d b e p r o \ ' i d t ' d
h y d i v e r s . A l t e r - n a t i \ ' e l y i n f e r e n c e s o n
e s c a p e r o u t e s c o u l d b e m a d e f r o m t h e
c a t c h c o m p o s i t i o n o f t r a w l s w i t h \ ' a r i o u s
c o n f i g u r a t i o n s . H I G H . E L L I S a n d L U S Z
( 9 6 6 ) s u g g e s t s e v e r a l m o d i f i c a t i o n s i n -
c l u d i n g b o t t o m l e s s t r a w l s . r e t a i n i n g
c o v e r s a n d t r a w l s w i t h o p e n i n g s a t t h e
u p p e r m o s t t o p o f t h e w e b p a n e l s .
A f i s h e r y i s s t u c , e d i n o r d e r t o p r e d i c t
i t s b e h a v i o u r . T h e f o l l o w i n g i n f o r m a t i o n
i s s t i l l w a n t e d o n L a k e V i c t o r i a : ( a l h o w
m u c h e x p l o i t a t i o n i s p o s s i b l e w i t h o u t
a d v e r s e l y a f f e c t i n g t h e s u s t a i n e d y i e l d s
( b ) t h e i n d e p e n d e n t v a r i a b l e s a f f e c t i n g
c a t c h e s ( c ) c o n s t r a i n t s f o r m a x i m i z i n g
e c o n o m i c r e t u r n s ( d ) t h e e f f e c t o f n e w
m a r k e t i n g p r o c e d u r e s o n c o n s u m e r
p r e f e r e n c e s a n d l e i h o w t h e i n t r o d u c t i o n
o f t r a w l s w i l l a f f e c t f i s h e r m e n ' s r e t u r n s
o n i n v e s t m e n t . A l l t h e s e q u e s t i o n s c o u l d
h e a n s w e r e d w i t h m o d e l s .
T h e r e a r e t w o c a t e g o r i e s o f p o p u l a t i o n
d y n a m i c s m o d e l s : ( i ) t h e l o g i s t i c t y p e a n d
( i i ) d y n a m i c p o o l m o d e l s . T h e l o g i s t i c t y p e
m o d e l i s s u i t a b l e f o r a c l o s e d s y s t e m a n d
a s s u m e s a b a h f n c e b e t w e e n e x t e r n a l a n d
i n t e r n a l s e l f r e g u l a t o r y f a c t o r s . I t i m p l i e s
t h a t t h e r a t e o f i n c r e a s e o f a f i s h s t o c k
d e p e n d s s o l e l y o n i t s w e i g h t a n d i s i n -
d e p e n d e n t o f i t s a g e a n d s i z e c o m p o s i t i o n .
G R A H A M ( 1 9 3 5 ) a p p l i e d t h e m o d t : l o n
t h e N o r t h S e a d e m e r s a l f i s h s t o c k s a n d
S C H A E F E R 0 9 5 4 l i n t r o d u c e d a m e t h o d
o f e s t i m a t i n g s u r p l u s p r o d u c t i o n . T h e
l o g i . . t i c m o d e l h a s i t s l i m i t a t i o n s : 0 ) l a c k
o f & - . . p r e c i s e c u r v e r e l a t i n g s t o c k d e n s i t y
t o i t s n a t u r a l r a t e . o f i n c r e a s e a n d ( 2 ) t h e
t i m e l a g e f f e c t w h i c h i s i m p o r t a n t i n
c h a n g e s w i t h d e n s i t y . I n s p i t e o f t h e s e
s h o r t - c o m i n g s . th~ l o g i s t i c m o d e l r e n d e r s '
e a s i e r p r a c t i c a l a p p l i c a t i o n t o f i s h e r i e s o f
e x t r e m e c o m p l e X i t y l i k e t h o s e o f t h e
I ' o r t h S e a a n d L a k e V i c t o r i a . A l o g i s t i c
m o d e l w h i c h w o u l d t r e a t t h e f i s h e d
T i l a p i a s p p . s t o c k s o r H a p l o c h r o m i s s p p .
a~ h o m o g e n e o u s . a p p e a r s v e r y p r a c t i c a l .
B u t t h e d y n a m i c p o o l m o d e l g i v e s a
m o r e r e a l i s t i c r e p r e s e n t a t i o n o f g r o w t h
w i t h a f l e x i b l e t r e a t m e n t o f l i f e h i s t o r y
p h a s e s r e l a t e d t o f i s h i n g . T h i s t y p e o f
m o d e l h a s l e d t o t h e r e c o g n i t i o n o f t h e
f a c t t h a t i n s o m e c a s e s m a x i m u m s u s t a i n -
e d y i e l d s c a n onl~' b e o b t a i n e d a t i n f i n i t e -
l y h i g h l e v e l s o f f i s h i n g . S S E N T 0 1 \ ; G O
( 1 9 7 2 1 u s e d t h e BE\'ERTO~ a n d H O L T
( 1 9 5 7 ) m o d e l a n d c o n s t r u c t e d y i e l d
i s o p l e t h s f o r T . e s c u l e n t a o n L a k e \ ' i c '
t o r i a . O p t i m u m y i e l d s f o r T . e s c u l e n t a
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fishing. SSENTOKGO
EYERTO:\ and HOLT
1d constructed yield
'scldenta on Lake Yic-
vields for T. escu/enta
i with a length of first
capture of 26 cm and a fishing mortality
rate of 0.5.
Various yield equations have been
developed and these could be applied on
Lake Victoria and solved analytically
under certain simplifying assumptions.
But a fishery is a holistic complex in-
cluding fishes. other organisms, man,
machines and environment. Fisheries
management must therefore involve con-
sideration of the whole. When one applies
certain information towards a defined
goal which is yield prediction, one is
essentially dealing with system analysis.
A system approach is desirable to allow
for simultaneous consideration of
biological parameters of fish, the
response of populations to various stimuli
and the effect of environmental, soci~l
. and economic factors which determine the
success of a fishery. Simulation is one of
the tools for estimating the dynamics of a
system. The practicality of simulation on
a computer introduces certain dangers.
There is a tendency to build highly struc-
tured models. But the more hil5hly struc-
tured the model is. the greater are the
assumptions made and the lower the
precision it gives. It is better to build nar-
rower simulation models with fewer
assumptions but greater precision. The
value of an analysis should not be
measured in terms of its complexity.
There must be caution and common sense
in collecting data. selecting analystic
methods and assumptions and in drawing
conclusions. The role of a computer in the
Lake Victoria fisheries is that of an ex-
tremelv accurate and efficient 'research
asista~t: expecting more from it is un-
wise.
SUM~IARY
Management of the Lake Victoria
fisheries require a comprehensive detailed
analysis of the populations to identify all
the components of the system and to
measure the factor operating on the com-
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ponents. This will lead to a better ap-
preciation of the consequences of fishing.
This approach will permit more realistic
estimates of optimum catch than has
hitherto been possible.
L. victorianus (the Ningu) is at a low
population level but its recovery is possi-
ble with establishment of catch quotas.
area and season closures'and a ban on
river fishing during the rainy season. T.
esculenta is still available in the Ssese
isla>ld fishing grounds and in several
localities in the Tanzania waters of the
lake. Demand and fishing equipment
variables have been key factors in its
depletion. With proper management one
can be optimistic about its recovery.
Each of the various exploited stocks
should be harvested with a combination
of fishing effort and mesh size that is op-
timum for it. An intensified trawl fishery
requires development of s.orting trawls.
Such an innovation calls fqr combined ef-
forts of fish behaviourists. gear
specialists and fisheries biologists.
Modelling is essential, on Lake Vic-
toria. Both the logistic and dynamic pool
models could be utilized. But since
fisheries is a holistic complex, a system
analysis approach cannot be overlooked.
Solutions to problems of regulation
and economic efficiency are unlikely to
come easily on Lake Victoria. There is a
serious danger of slavish adherence to
status quo and a tendency for errors
hardening into dogma which might work
against the more rational concepts and
management techniques.
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